Forskolin and the phorbol ester 12-O-tetradecanoylphorbol 13-acetate stimulate prolactin and GH release from ovine anterior pituitary cells cultured in vitro. Dopamine and somatostatin inhibit release of prolactin and GH respectively, after stimulation by these agents, but without effects on intracellular cyclic AMP concentrations. In each case the inhibitory effects were reversed by pretreatment of cells with pertussis toxin, in a doserelated fashion (1\p=n-\100 ng/ ml ) , again without affecting cyclic AMP levels. The results suggest that the inhibitory effects of dopamine and somatostatin in this system are mediated by one or more pertussis toxin-sensitive G proteins, and that these act by a mechanism which does not involve inhibition of adenylate cyclase.
INTRODUCTION
Dopamine and somatostatin inhibit prolactin and growth hormone (GH) release respectively from anterior pituitary cells. The mechanism of their ac¬ tion is not yet clearly defined. A correlation has been established in some species between an inhibition of hormone release and a fall in intracellular concen¬ trations of cyclic AMP or inhibition of adenylate cyclase (Barnes, Brown, Gard et al. 1978 : Onali, Schwartz & Costa, 1981 McDonald, Sibley, Kilpatrick & Caron, 1984 : Spada, Vallar & Giannattasio, 1984 Law, Ray & Wallis, 1985) . However, the work of a number of authors indicates that a major component of the inhibitory actions of dopamine (Ray & Wallis, 1982a; Delbeke, Scammell, Martinez-Campos & Dannies, 1986; Lafond, Ducharme & Collu, 1986;  Ray, Gomm, Law et al. 1986a ; Ray, Hart & Wallis, 1986è) and somatostatin (Koch, Dorflinger & Schonbrunn, 1985; Law et al. 1985 ; Sheppard, Moor & Kraicer, 1985; Ray et al. 1986a, b) is cyclic AMP independent.
A decrease in the intracellular concentration of free calcium has been postulated to be involved in the transducing mechanisms of these inhibitory agents (e.g. Thorner, Hackett, Murad & MacLeod, 1980;  Ray & Wallis, 1982¿>; Merritt & Brown, 1984) . Studies employing the calcium indicators Quin-2 and Fura-2 (Schofield, 1983; Koch et al. 1985 ; Schlegel, Wuarin, Zbaren et al. 1985; Hart, Ray & Wallis, 1986; Malgaroli, Vallar, Elahi et al. 1987 ) and 45Ca2+ (Schofield & Bicknell, 1978; Schrey, Clark & Franks, 1986) have confirmed this idea. Whether this effect is associated with changes in the intracellular concentration of inositol trisphosphate is not clear and is the subject of some controversy (Brown, Baird, Quilliam et al. 1985; Canónico, Jarvis, Judd & MacLeod, 1986; Enjalbert, Sladeczek, Guillon et al. 1986; Journot, Hornberger, Pantaloni et al. 1987) . Studies employing the divalent cation ionophore A23187 suggest, however, that both dopamine and somatostatin have Ca2 +-independent actions ably several other transducing mechanisms, are thought to involve interaction of hormone-receptor complexes with guanine nucleotide-binding proteins (G proteins) (Gilman, 1987 (Gilman, 1987 (Seamon & Daly, 1986) and the phorbol ester TPA is an activator of protein kinase C (Nishizuka, 1984) (1979) .
Radioimmunoassay procedures for both ovine GH and ovine prolactin were based on methods de-scribed previously (Ray & Wallis, 1982a Thomas & Hoffman, 1986) . In the present study maximal effects of pertussis toxin on hormonal secr¬ etion from ovine pituitary cells were observed after a 5-h pretreatment and this period was used routinely. Similar effects to those described here were found for cells pretreated with pertussis toxin for periods between 3 and 24 h.
We have previously studied time-courses for the effects of forskolin, TPA, dopamine and somatost¬ atin on prolactin and GH secretion (Ray & Wallis, 1982a; Ray et al. 1986a, 6) . In all cases substantial effects were seen after 30 min of incubation, and this time was chosen for the studies described here.
Pretreatment of ovine pituitary cells with pertussis toxin (0-1-100 ng/ml) for 5 h did not significantly alter basal, forskolin-stimulated or TPA-stimulated G H or prolactin release. It also had no effect on the basal or stimulated intracellular concentration of cyclic AMP.
As we have observed previously (Ray et al. 1986a ), forskolin (10 pM) markedly stimulated GH secretion and intracellular cyclic AMP concentrations (Fig. 1) .
The stimulation of GH secretion was completely re¬ versed by somatostatin (100 nM) but cyclic AMP levels were not altered by the peptide. Pretreatment of cells with pertussis toxin prevented the inhibitoryeffects of somatostatin on GH release in a doserelated fashion, a significant effect (P<001) being seen with 1 ng pertussis toxin/ml and complete re¬ versal with 100ng/ml (Fig. 1) . Pertussis toxin pre¬ treatment did not alter cyclic AMP levels in the pre¬ sence of somatostatin. The phorbol ester TPA (100 nM) also stimulated GH secretion markedly and, again, the effect was largely reversed by somatostatin (Fig. 2) (Ray et al. 1986a ). The stimulation was reversed completely by dopamine (100 nM) which inhibited prolactin secr¬ etion to about 40% of the control level without alter¬ ing the much increased cyclic AMP concentration. Pretreatment of cells with pertussis toxin blocked the inhibitory effect of dopamine on forskolinstimulated prolactin secretion, in a dose-related fashion, although only with the maximal dose of per¬ tussis toxin used (100 ng/ml) was the prolactin secr¬ etion greater than the basal level (Fig. 3) . Cyclic AMP levels in the presence of forskolin and dopamine were not affected by pertussis toxin pre¬ treatment.
TPA (100 nM) also stimulated prolactin secretion (two-to threefold) and the effect was reversed by dopamine. In contrast to the inhibition of forskolinstimulated prolactin secretion, inhibition in the pre¬ sence of TPA and dopamine was not significantly below control levels. Dopamine had no effect on the slight increase (P < 0-01) of cyclic AMP levels seen in the presence of TPA. Pretreatment of cells with pertussis toxin blocked the inhibitory effect of dopamine on TPA-stimulated prolactin secretion, again in a dose-related fashion (Fig. 4) ; lOng per¬ tussis toxin/ml gave a significant effect (P<0-01) and 100 ng/ml completely reversed the inhibition.
DISCUSSION
These studies confirm earlier work indicating that in cultured ovine pituitary cells both dopamine and somatostatin can inhibit hormonal secretion without decreasing increased cyclic AMP levels (Law et al. 1985; Ray et al. 1986a ). Although we have examined only effects after a 30-min incubation, our previous studies have established a similar discrepancy be¬ tween effects on hormone secretion and cyclic AMP levels over a range of incubation times. This con¬ trasts with results obtained using rat pituitary cells (Barnes et al. 1978; Law et al. 1985) . Under some circumstances, however, dopamine can reduce the basal cyclic AMP level in ovine pituitary cells (Ray & Wallis, 1982a) .
The results presented here suggest that one or more pertussis toxin-sensitive G proteins mediate the inhibitory actions of dopamine and somatostatin on GH and prolactin secretion from ovine anterior pituitary cells, without effects on cyclic AMP levels. G proteins that are known to be pertussis toxin- Pretreatment with PT blocked the inhibitory effect of dopamine on forskolin-stimulated prolactin secretion (*P < 0-01, **P < 0-001 ; Student's t-test).
sensitive include Gi and Go (Gilman, 1987) , and it is possible that either (or both) of these, and/or pos¬ sibly an as yet unidentified protein, mediate the in¬ hibitory effects of dopamine and somatostatin. In the rat anterior pituitary, structural and immunological studies indicate that the D-2 dopamine receptor is coupled mainly to Go or an unusual form of Gi (Senogles, Benovic, Amlaiky et al. 1987) ; it is now clear that several different forms of Gi occur (Beals, Wilson & Perlmutter, 1987; Gilman, 1987 (Koch et al. 1985; Schlegel et al. 1985; Malgaroli et al. 1987) , and direct actions on ion channels may be involved (Lewis et al. 1986; Dunlap, Holz & Rane, 1987 
